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Torsional Buckling Analysis of Bellows

Kazuyuk: Tsukimori * , Koji Iwata * ,

Shun Ishiwata ** and Yasuyuki fnoue ***

Abstract

PNC has proceeded the feasibility study in respect of the beilows expansion joint
for FBR pipings because the expansion point is an effective measure to rationaliz
evarious piping systems, Essencially bellows should be designed not to be subject-
ed to torsional loads and usually bellows is protected by hardware not to move in
the direction of torsion, Actually, however, there are some sources of torsional de-
formation, e g. the clearance of bearing structure, the deformation of hardware etc,
Therefore it must be available to limit the torsional displacement of bellows
clearly in view of improvement of reliability in design and fabrication,

The torsional buckling behavior of bellows was investigated with both theory and
numerical analysis, The new element, 3-mode axisymmetric shell harmonic series ele-
ment (NAXSHEL3)which was developed in the FINAS fimite elemenl computer program, was
used for the buckling eigen valve analysis,

The numerical solutions corresponded to the theory very well ‘in a wide range of
dimensions and number of convolutions, Besed on these results the framework of the

design rule related to the torsion of bellows was drawn,

*Structural Engineering Section, Ooarai Engineering Center,

**Century Research Center Corperation, ***Nuclear’ﬂata Corporation
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Fig.4 —1 Strength of Bellows with Applied Torsional Loadings
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Table 5 — 1 Cases of Analysis
case Convolution Dimensions {mm) Number of Length of
No. Convolutions End Tangent
Diameter : d Pitch : q Height : H Thickness : t { mm)
1-1 5 /
1-2 10 /
1-3 590 60 2 15
1-—4 20
1—29 25
1—6 30
1100
2—1 10
2-2 100 120 4 20
2—3 30
3~ 1 10 /
3~ 2 250 300 10 20 /
3—3 310
4 -1 0
50 60 2 10 -

9¢T-88 0TT6NL—INd



Tahle 5 — 2 Boundary Conditions
Case Degree of Freedom @ {ul}® D. O. F. {u},
No, Boundary
Upg ugz ug B up Uz ug B8
Top ) : .
151 End - fix — fix fix fix fix fix
Bottom
End - fix fix fix fix fix fix fix
Top . . .
4-1, End fix fix - fix fix fix fix fix
-1 Bottom
End fix fix fix fix fix fix fix fix

9¢T-88 0TT6NL—INd
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Eigen Values (&)

Table 5 — 3

Case No, Mode 1 Mode 2

1 -1 0. 495 10. 975

1 -2 0. 248 0. 435

1—-3 0. 166 0. 287

1-4 0. 124 0. 214

1—35 0. 099 (0. 171

1 -6 0. 083 |0. 143

2 -1 0. 322 |0. 577

2-2 0. 157[0. 273

2—-3 0. 104 ]0. 138 -

3—1 0. 637 |1. 135

3—12 0. 3111]0. 54

3—3 0. 206 [ 0. 3568

4 -1 0. 248 ;0. 435

o—1 0. 248 (0. 4314

Table 5 — 4 Axial Spring Rate (fiu)
e SN e m ! T EIMANT s
1—-1
116 301. 0 g61. 6 0. 956
2—1
213 1¢613. 289 §98. 0 0. 886
31
313 1498, 7 10639. 0 0. 693
4—1 901. 0 861. 0 0. 9906
o—1 901. 0 861. 0 0. 956
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Table 5 — 5 Results of Analysis

Torsional Buckling Moment{xX 10" kg « mm) Torsional Moment
Case at Elastic limit
No, Theory with | Theory with | Buckling { X107 kg » mm)
fiu (N.S.} fiu{EJMA) Analysis
1-1 27. 240|126, 049 (27. 252
1-2 13. 620 13. 024 13. 641
1 -3 9. 078 8. 683 9. 1119
4. 609
1 — 4 6. 810 6. 512 6. 8368
1 -5 5. 448 h. 210 5. 4679
1 -8 4., 540 4. 341 4. 5517
2 -1 16. 943 (15. 020 17. 698
2 -2 8. 471 7. 508 8., 651 . 218
2 -3 5. 648 5. 005 5. 734
3-1 32. 999|122, 877|135, 041
3—2 16. 500 11 439 17. 104 23. 0414
3—3 11. 000 T 6 26 11. 332
4 -1 13. 6279 13. 024 13. 6841
4. 608
5 —1 13. 6290 13. 024 13. 6822
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Fig.5 — 2 Finite Element Mesh of the First Convolution



d d
T Mt = —Z‘Fg T ML = gFg

SIS LSS
hmo T o s
b2y = B0 7777777777 Ao

7777777
(al Case 1 —1~3-3 (b) Case 4—1, 5—1

Fig.5 —3 Boundary Conditions and Loading Condition

9¢T-88 0TV6NL—ONd



(x107kg * mm )

40

30—
e
42
g
§
< ——— Theory with fiu (EJMA)D
2 \
§ 207 N Tes —— Theory with fin (N.§2
= A\
g N ; ;
B ©  Buckling Analysis
&
]

10

O~ Ty ( Elastic Limit)

10 20 30

Number of Convolutions N

Fig.5 —4 Torsional Moment vs Number of Convolutions

(Case No.1—~1~1—6)

9¢T-88 0TV6NL—-ONd



(x107kg » mm)

Torsional Buckling Moment Tc

40
30+
——-- Theory with fiu ( EJMA)D
20— —— Theory with fiu( N.8.)
(©  Buckling Analysis
10~
Ty ( Elastic Limit }

I I I
10 20 30

Number of Convolutions N

Fig.5—5 Torsional Moment vs Number of Convolutions
(Case No. 2—1~2—3)

9¢T-88 0TV6NL—-ONd



(x10"kg * mm)

Torsional Buckling Moment T,

40 - —=—— Theory with fin (EJMA)

—— Theory with fiu( N.8.)

© Buckling Analysis

30
Ter

Ty { Elastic Limit}

20 —

104

I I !
10 20 30

Number of Convolutions N

Fig.5 —6 Torsional Moment vs Number of Convolutions
(Case No.3—1~3—3)

9¢T-88 0TV6NL-INd



PNC—TN9410 88-136
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Fig.5 — 11{a) Buckling Mode 1 (Case No.1—5 )
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Fig.5 — 12(b) Buckling Mode 2 (Case No1—6 )
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Table O — 1 Analysis Results of Combined Buckling by Axial Compression

and Torsion

mg/fa fﬂ m

0 3. 187 0.

1.3 2. 641 0. 880

| 1. 678 | 1. 6738

oo 0 2. 872

Specification of Bellows (Case No, 1 — §)
+ Diameter = d=1100m
« Piteh @ qg=50mm
« Height @ H=16 0 mn

- Thickness : t = 2 mm

- Number of Convolutions : N=3 0

- Young's Modulus : E=1., 98x10* kg / mm?

- Poisson’'s Ratie :v=0. 266
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Fig.l—1 Analysis Results of Combined Buckling by Axial

Compression and Torsion
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BUCKLING—LOAD/ Euler's Buckling Load
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110 ¢

_—
NAXSHEL 3 (FEM)
—_—th—

EULER Eq. (2)
_“..n_
FLUGGE Eq.(b)’

X
MODIFIED Eq. (D)

1.00 ) 2t

{ Spec. of Cylinder )

« R=20mm

« t=0.050288 mm

« E= 19,900 kg /mm®
s v=10.0
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Fig. I—2

50 6.0 1.0 8.0 9.0x10*

Length (L) / RADIUS (R

Buckling Analysis of Cylinder Under Axial Compression



FEM./ Buler's Theory
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0.0

Spec. of Bellows :

Diameter : d = 30lmm Young's Modulus : E= 19,900 kg /mm®
Thickness : t = 05mm Poisson’s Ratio : v = 0.3
Height P H= 18mm
Pitch qQ = 16mm
End tangent . _
longth Dl 10 mm
& . I'M Solution
{ NAXSHEL 3 )
] I ] | ] 1 |
| | | | [ ] 1
10 20 30 40 50 60 70

Number of Convolutions N

Fig.I—3 Buckling Analysis of Bellows under Axial Compression
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Rl

!

AL T2 — F Y 7o (A — = — 8 )

BEOED, =R 1 —BOANF — s DA 4 — S %Tig M- 1 KFET,

0 1 2 3 4 5 1 7 &
LR R e R e R R R R P Ll LE LT T Tupir
00000001 FIHAS
00000002 STATIC E
000Q0003 V¥DATA CHECK
00000004 HOPRENT DESC
00090005 ODEVELOPER

00000006 TITLE CASE 224130 ¢ 30 PITCH BELLOWS )
00090007 COMTROL
00090008 BUCKLIKG ] 5.0E-3 1

00000009 HODEL
00000010 ¥¥¥¥ HODE AKD COHRECTIOR ¥Y¥¥yYy

00000011 ¥

00090012 NODE

00000013 ==NLOOPI 3o 96 0.000 s0.000
00000014 1 550.000 0.000
00000015 2 550.047 1.089
00006016 3 550.190 2.171
00000017 4 550.426 3.235
00000018 H 550.754 4.275
00000019 6 551,111 5.283
08006020 T 551.675 6.250
ba000021 ] 552.260 T.170
00000022 k) 552.924 8.035
0000002F 10 553.661 8.839
40000024 11 554,465 9.576
09000023 12 555.330 10.239
00000026 13 556.250 10.825
00000027 14 sst.217 11.329
00000028 15 558.225 11.7486
00000029 16 559.265 12.074
00000030 17 560,329 12.310
00000031 18 S61.410 12,452
90000032 19 562.500 12,300
Q0000033 20 56%.417 12,500
00000034 21 568.333 t2.500
00000035 22 571.250 £2.500
00000036 23 574.167 £2.500
000060437 24 577.083 £2.500
00060038 25 580,000 12.500
06000039 26 582.917 12.3500
00000940 7 585.833 12.300
00000041, 28 588.750 12.500
00000042 29 591.667 12.500
00000043 30 594,583 12.500
00000044 ER | $97.500 12.500
00000045 32 594.589 12.548
Q0000046 33 $99.670 12.690
00000047 34 400,735 12.926
00000048 35 601,775 13.254
00000649 36 £02.783 13.671
00000050 3T 603.750 14,175
00000051 38 604.670 14,7561
00000052 39 605.5335 15.424
00000053 40 606.339 16.161
00000054 41 607.075 16.96%
00000055 42 607.739 17.830
00090056 43 608.325 18.750
00000057 a4 608.829 19.7117
00000058 A5 609.246 20.725
00000059 46 609.574 21.765
00000060 47 609.810 22.82¢%
00000061 48 609.952 23.91%
00000052 LL] 610.000 25.000
000006063 50 609.952 26.089
000000564 1 609.810 2T.ATH
00000065 52 609.574 28.233
00000064 53 609.7245 29.275
00006067 54 608.829 30.283
00000063 55 608,325 31.250
00000069 56 607.739 32.170
00000070 57 607,075 33.03s
00000071 58 606.539 33.839
Q0000072 39 60%.535 34,576
000e0073 &0 604.670 35,239
Q0Go0074 61 ’ 603.730 35.825
00000075 52 602.783 36.329
000G0076 63 691,775 36.746

At e R e R L TR T Ty PR Y LR TEEY R P D S

Fig.ll—1 (1,/3) Input Data Sample (Case N 1—6)
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00000077
00000078
00000079
00000080
00000081
00¢o008?
00¢00083
00000084
00000085
00000086
00000087
00000083
00000089
00000090
00000091
00000092
00000093
00000094
20000095
g0000096
00000097
00000098
00000099
00000100
00000101
Q0000102
00000103
00000104
00000105
00000106
00000107
00000108
00000109
00000110
00000111
00000112
00000113
006000114
00000113
00000116
00000117
00000118
00000119
00000120
00000121
000004522
00000123
00000124
00000125
00000126
00006127
-00000128
agogo129
00000130
00000131
00000132
00000133
00000134
00000135
00000136
00000137
00000138
00000139
00000140
00000141
00000142
00000143
00000144
00000145
00000146
00000147
00000148
00000149
00000150
00G00151
00000152

6

0 1 2 3 4 5 6 7
R e e e R R et e A ek B R PR L )
64 600.735 37.074
65 599.670 37.310
66 598.589 37.452
67 597.500 37.500
68 594,583 37.500
69 591.667 37.500
70 588.750 37.500
71 585.833 37.500
72 582.917 37.500
73 580.000 37.500
74 577.083 37.500
75 574.167 37,500
76 571.250 37.500
7T 568.333 37.500
78 565.417 37.500
79 562.500 37.500
80 561.410 37.548
81 560.329 37.690
82 559.265 37.926
83 558.225 38,254
84 557.217 38.671
85 556.250 39.175
86 555.330 39,761
87 554,465 40,424
88 553.661 41.161
89 552.924 §1.965
99 552.260 42,830
91 551.675 43.750
92 551.471 54,717
93 550,754 45.725
94 550.426 46.765
95 550.190 47.829
95 550.047 48.911
&xEND1
2881 550,000 1500.000
¥
CONNECTION
1 1 1 1 1 2 3 1440 2
ELEMENT TYPE
1 HAXSHEL3 1 1
GEQMETRY
1 1 ¢.00
HATERIAL
1
£ 1.98E4
NU 0.266
BOUNDARY
1
1 2 4
1 5 8
1 g 12
2881 ?
2881 &
2881 H 8
2881 9 12
FORCE
1
2881 0.0 0.0 1000000.0
HISTORY
INTERVAL
BOUN 1 0.00
FORC 1 1.00
BUCKLING
EHD HODEL
ouTPUT
PRINT SELECT
¥YY¥¥  EHo4BxN  -47,-36,-24,-12 ¥¥¥¥
ESET?2 1 1 1393 48 17 1404 48 34 1416 48 52 1428 44
IPSET1 2 19 23 27
ELM 1 2
REAL HONE
ELFO HOXE
DlsP HONE
HODE NONE
POST TAPE
ELH NOKE HOHE
R e i R R R e R Rk R S R S R L L LT
Fig.l—1(273) Input Data Sample (Case No1—6) -

J— 5 9 —_

8
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0 1 2 3 4 5 6 7 B
B L T R R N el LT LI Sy S s
00000153 DISP NORE
00000154 REAC NONE
00000155 ELFO NRONE
00000156 HODE ALL

00000157 ENB OGUTPUT
00000158 EHD FINAS

TR i L T T B e e L LT T e R LT F T

Fig.ll—-1 (3.73) Input Data Sample (Case No1—6)
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